A Survey of Multicasting Protocols for Multimedia
Communication

Hongyi LI', Hung Keng PUNG, Lek Heng NGOH

"Dept. of Information Systems and Computer Science
* Institute of Systems Science
National University of Singapore, Singapore 0511

Abstract: Multicast is the transmission of information tospecified group of hosts or
processes irthe network. Supporting multicast communicatioecomesmore and more
important intoday’smultimedia applications such a&leo conferencing, stodkformation
distribution. This papesurveysthe current state of the arts of the multicast techniques by
reviewing various important multicagtotocols reported ithe literature and theidentifies

and discusseghe importantissues of multicast communication tine aspects of multicast
routing, group managemerind guaranteguality of services. These issuase closely
related with each othemd theexisting techniquethat deal with these issuesereviewed.

The future research areas of multicasting are also suggested in this paper.
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|. Introduction

In recent years, considerable research and development effoseéasfocused on the
development of high capacigndreliable B-ISDN transfer technology, network architecture
and different service models. ATM (Asynchronous Trankfede) is often considered as the
technology that allowsotal flexibility and efficiency to be achieved in futuretsgh-speed
multi-service multimedianetworks [Baej91]. Some importamultimedia applicationsuch as
high quality videoconferencingyideo-on-demand service and tele-shopparg becoming
realisticover ATM networks. Sophisticatesulticastsupportfrom the underlying network
protocols isessentialfor these applications. Therefore, multicastbscoming an active
research topic.

Multicast refers to the transssion of messages togroup of hosts or processes in a
computer network. Arfficient multicastprotocol should providedatadelivery togroup of
hosts at a lower network arebst overhead than broadcastingatbhosts orunicasting to
hosts in that group [Deer90kenerally speakinghere are three types ofulticast services,
namelyone-way multicast, two-way multicast, and N-way multicast. The onenmadiicast
service requires point to multipoinbutes that startrom sender tcall the members in the
group. In the two-waynulticast, a sender sends messages| the members othe multicast
groupandmay also receive replying messages frima groupmembers. In N-way multicast,
any messagsent by a metver is multicasted to evegther merber of the same multicast
group.

This papersurveysthe current state of the arts of thwmulticast techniques by reviewing
various important multicagbrotocols reportedand identifying the key research issues. A
multicast protocol for groupcommunication provides aet of multicast primitives that is
capable of adapting to different application requirements and guardmeepsrformance of
multicast communication. Functionally, a multicasbtocolshould at least performmulticast
routing, group managementnd guarantee quality of servicelThe multicast routing is to



establisithe datadelivery paths from senders il the activegroupmembers irthe network.
The multicast group management is an important function that mattegaembershistatus
and membejoining or member leaving activitieShe reliability and ordering issues are
considered as th@oS (Quality of Service) guarantee that should sagpported by the
multicastprotocols. Researdssues of existing techniquésr these three functiorsre also
reviewed in this paper.

The structure othis paper is organized as follows: In sectibnthe important multicast
protocols are reviewed. In sectiofll, various multicast routing topologies and
implementation algorithmare surveyed. In sectidW, various methods famplementing the
multicast group managemenare examined. In section V, differe@oS requirements are
defined and their implementation methad® examined. Finally, a summary tfe paper is
given and further research topics are identified.

Il. Overview of Existing Multicasting Protocols

Tracing back a decade, the earlsiiticastprotocol was reported i@heriton’swork of
the V system extension which implemented the multicast communication among dogigas
of processes [Cher84]. The &ystemsupportsonly “best efforts”delivery of message@.e.
themessage is deliverexéro, one, or morémes). By 90’s, several multicastotocols were
developed for better supporting of wide-area groupwamgng themthe mostistinguished
multicast protocol should attribute to the IRnulticast which implementedhe group
communicationover the Internet with best effodelivery of data [Deer88]. In IHnulticast,
group addresses aassigned by each application. The sendeplgitnansmits packets tthat
address withroutersdeterminingthe paths formulticastdatadelivery. Deering’swork has
been used as am driving force behindthe formation of themulticast backbone (MBONE)
across Internet.

Recently, multicast protocols have received increasingttention by multimedia
communication research communities becauséhefneed tasupportemerging multiparty
interactive applications, such as videoconference and distributgina marketnformation.
These applications require guaranteéhigher levelQoS and real-time informatiomnlelivery
[Camp94]. To support thesgpes of applications, Ngoh and Hopkimsve identified varieties
of QoS’s(Quality of Services) thadre important for anulticastprotocol [Ngoh89]. Inearly
90’s, manymulticastprotocols were developeashich guarantee certailevels of @S. These
protocols and their features diged in Table 1. Thsignificance ofthese multicagprotocols
are discussed in following paragraphs.

The Protocolndependent Multicast (PIM) [Deer94] is ertension of the IP multicast. It
allowsthe coexistence dfvo different multicast routing schemesmelySource Based Tree
(SBT) and Core Based Tree (CBT). PIM is the first protocol that allows the selection between
dense or sparse mode routing based orgthap merber distribution inthe network. The
multicast of Xpress Transfé&rotocol (XTP) [Stra92] isimilar to IPmulticastbut goes one
step further by supportingnited reliability, called semi-reliable, which is defined as providing
high probability of success in delivery of multicast data [Hein93]. It uses a go-back-n approach
for error correction. ISIS [Birm91] is one of the pioneer protocol that providgslevel QoS
such as causal ordering atwtal ordering of datalelivery. It was developed otop of a
reliable multicast protocol. The Multicast Transgérotocol (MTP)Arms92] is based on the
multicast masteconceptwhich controlsall the activities ofgroupcommunication. Isupports
total orderingand theflow control byusingthe master thassuedokens to the senders in the
group which allowsdata to be sent in specifiedrate and be received iorder. MTPuses



negative acknowledgment faerror corrections.The Reliable Multicast Protocol (RMP)
[Armi95] is a promising multicast protocol that supports a wide ran@@o&guaranteefrom
best effort to total ordered data delivery. It is a transpwdl protocolimplemented onop of
IP multicast. RMP uses a rotating master approach to guarantesidb#ity and ordering.
ST-1l [Topo90] is one of thgioneer protocols that guarantees end-to-eadwidth and
delay in multicast communication. requires bandwidth reservations falt links before
setting up and guarantees that the requdstadwidth is availabléhrough thdifetime of the
link. RSVP [Zhan93] is aewly developed resource reservatjpmotocol for supportingeal-
time multicast applicationsver Internet. Itenables a receiver t@serve resources and the
reservation is repeated at reguiatervals. We observe thdlhe development ofmulticast
protocolsevolves from supporting simple service (i.e. best effort) to enhahigidlevel
services that guarantéiee reliability, ordering, delay, andnd-to-end bandwidth. Thdea is
to developreliable multicasprotocols ortop of abest effort multicastlatadelivery protocol
(e.g., IP multicast) to support higher level of QoS’s,

Table 1. Important Multicast Protocols in History

1984- 1988- 1990- Future
V system IP multicast PIM (Protocol Independent Multicast, DeeringTrend
(Cheriton et. (Deering, et. al. et. al. 1993 - develo
al. 1984) 1988) - network level protocol elop
multicast
- best effort rotocols on
- best effort -best effort - support two routing topologies P
) . ATM network.
- Flexible - selection of sparse and dense modes
address - IP over ATM
XTP (Xpress Transfer Protocol, PEI, 1992) ATM specific
- network & transport level protocol aporoaches
- best effort, semi-reliable PP
- go-back-n error correction
ISIS (Birman, et. al. 1991) New topics
- transport level protocol on reliable multicast - guarantee
- causal ordering, total ordering different QoS’s,
- separate acknowledgment from receivers  best effort,
reliable,
MTP (Multicast Transport Protocol, ordering, etc.

Armstrong, et. al. 1992)

- transport level protocol on top of IP multicas

- best effort, reliable, ordering

- multicast master control joining / leaving - support

- master issues token for flow control / orderingelective

- NACK for error correction transmission of
partial streams.

RMP (Reliable Multicast Protocol, Whetten, et.
- support N-way

al. 1995) multicast

- transport level protocol on top of IP multicast '

- from best effort to total ordering

- use a rotate master approach

i Support real-
fime traffic.

ST-II (Experimental Internet Stream Protocol,
Topolcic, 1990)

- network level protocol

- guarantee end-to-end bandwidth, delay

- sender and receiver negotiate for joining



As ATM is becomingthe major link layerprotocol in thenew generation of B-ISDN to
support multimedia communication, many researchers have focuseglementing multicast
protocols over ATM. Themplementation of classical IP and ARRd(@ress Resolution
Protocol) overATM does not support groumddressing and IP multicast as described in
RFC1577 [Laub94|Basically,there ardwo strategies oimplementing multicasbver ATM -
extensionof existing multicasprotocols ordevelopmenbf newprotocolsfrom the scratch.
The extensionstrategy is tamplement existing multicagirotocols (e.g., IRnulticast) over
ATM, then all the existing higher leveprotocolscan be used directly. Theew protocol
strategy follows the development path oéxisting multicastprotocols. It startsfrom
implementingbest effort multicastspecifically for ATM for construction ofhigher level
protocols that guarantee various Qo0S’s. EWeensionstrategy iseasy to fit inthe existing
protocol stackwhile the new protocols strategy has morecope inexploring the potential
capabilities of ATM technology. Currentlthe extension of IPnulticastover ATM becomes
an active research areanmltimedia communicatiorthe Internet draft for IP multicast over
ATM proposed byArmitage [Armi95] is undeimtensive discussion BYETF. In this draft, a
Multicast Address Resolution Server (MARS) is used to mattsggroupmembership. The
protocol supportgdwo types of routing topologiesjamely multicast meshes and multicast
servers. There are also ATBpecific approaches that use tliexibility of ATM virtual
channels to construct various multicast routing topologies [Chua94].

In summary, multicasover ATM is a new research area at imdant stage. Some
important issues have to be investigated further. The issueslenci) How to guarantee
different levels 0fQoS’s; (ii) How to ensure théandwidth and delay of multicagtks which
consequentlgupport theselective transmission of multicatta; and(iii) How to support N-
way multicast. The last two issues are also the topics that should be investigated for non-ATM
based multicast protocols.

[1l. Multicast Routing

The main objective of multicast communication is to supply vagoaspcommunication
services with require@oSwhile reduce the cost of dateansfer (i.e minimizing number of
data copies are sent forgaoup). Multicast routing is inherited in some LANs such as the
Ethernet that providesfficient broadcastelivery and a large space of multicast addresses
[Deer90]. Howevertwo problems have to be solved when implementing multicastr
multiple networks: Firstly, arefficient routing mechanism has to likeveloped; Secondly, the
cost of maintaining multicastouting has to be reduced in supportihg scalability of the
multicast services. To tackle these issues, several routing topologiesnglethentation
algorithms have been developed. Among thd#ra Source Based Tree (SBTAgui84,
Deer88, Raja92, Verm93, Moy94] and1€ Based Tree (CBTWall82, Ball93, Deer93]
have received muchttention fromthe researchers. Recent developments in the Internet
multicast have further emphasizée importance of supporting for batteetypes [Deer93].
Other types omulticast routingschemesre alsdoeing investigated such #se Steiner tree
[Wall82, Jaff83, Waxm88, Jian91, Kadi94]. Another interesting routpglogy is thematrix
based multicast routing that is used in distributedparallel systemgFran85, Mcki90,
Huan94]. Each of the aboweentioned multicast routingchemes has their meritsspecific
network environments. Therefordpllowing paragraphs describbriefly the concepts of
different routing topologies anthe algorithms to implemerthem, andanalyzethe pros and
cons of these approaches.



A. Source Based Tree

The source basetlee can be defined as followor each multicasgroup, the network
builds the shortest path source-bast=livery tree between each sender and corresponding
multicast receivers, as shown in Fig. 1. The source lisseds a populamulticasting routing
topology adopted in thenany computer networks. To construct a SBEyeral algorithms
have been developed tine last ten year&dmong themthe distance-vectanulticast routing
and the link-state multicast routing have received more attention.

The distance-vector routing has been usedananyyears inmanynetworks as amnicast
routing algorithm [Come90]. Routers that use the distance-vector routing algorithm maintain a
routing table containing an entry fevery reachable destinationtime network. Eachouter
sends a routing packet periodically out of its incident links. On receiving a routing fracket
a neighboringouter, thereceivingrouter may update its owrtable if theneighbor offers a
new shorter route to a given destination, or if the neighbor has no longer offeredtéhthat
the receiving router used. Irthis way, the routerscan maintainthe shortest routes to all
network destinations.

Fig. 1 Source based span tree

Two simple multicast routing algorithms, based dhe distance-vector routing, are
Reverse Path Forwarding (RPF) and Reverse Path Broadcasting (RPB)algbegtans are
implemented byroadcasting along the source based shortest-path broadeastdrely on
the receivers to select thiata packets that adestined to them. These algoritha®e not
efficient for multicasting in large extended LAN’s or WAN’s. A more sophisticated approach
is the Distance-Vector Multicast Routii®yotocol (DVMRP)which uses amodified RPF
algorithm to provide on demand pruningtbé shortest-patmulticasttree. In DVMRP, the
first multicastpacket is sent by a broadcast alongdhertest broadcast tree &l the links
except thenon-member leaves. Whéime package reaches@uter for whomall of the child
links are leaves and non of them hasembers inthe destinationgroup, aNMR (Non
MembershipReport) is generatednd sent back to theouter that is one hop toward the
source. If the one-hop-backuterreceives NMRs fronall of its child routersand if itschild
links have no members, it intureends an NMR back to its predecessdtsentually,
informationabout theabsence of membepopagates up the tredongall branches that do
not lead to members. In this way, a prunee is creatednd subsequent multicast messages
are blockedfrom traveling down the unnecessary branches blye NMRs sitting in the
intermediate routers.



Another major algorithm for constructing multicaiste isbased on the link-state routing.
In the link-state routine algorithngvery router monitors the state ofach incidentinks.
Whenever a link chang#je router broadcasts tinew state toall the routers in the network
by using a floodingprotocol.Consequently evemouterreceives topological informatidnom
all the routers in the networlBased on the topology, eachutercan compute the shortest
path spartree rooted aitself using Dijkstra’shortest patlalgorithm. The link-state routing
algorithm can esly be extended teupport the shortest pathulticasttree.Whenever a new
group ID appears or an old group Hdsappears on a linkhe router attached to thhk
floods the newstate toall other routers. \With full information of whichgroups havenembers
on which links, any router can compute the shortest path multicast trearfy@ource to any
group usingthe Dijkstra algorithm. If theouter doing the computation is on theulticast
tree, itcan determine whiclinks it must use to forward copies of multicgstcketsfrom the
given source to its group members.

The algorithms tamplementSBT rely on the unicastlgorithms which complicates the
development of unicast algorithm and itenthe flexibility of multicast routing. Another
drawback of the SBT is its constructiavhich has apoor scaling property. The DVMRP
algorithm requireshe routers to stonmembership informatiofor each source. If theumber
of active sources iSandG is the multicast groups, it results isealingfactor of OSxG). In
the link-state routing, the processing cost of Dijkstra shortest path tree is another major factor
preventing thescheme from scaling to largede-area networks because it requirgsnsive
computing of the shortest patree forall the active sources in group. Finally, it is not
efficient inthe DVMRP that routerayhich are not on thenulticast deliventree,still have to
process truncated-broadcast packetsodically and perfornthe pruning of branches for all
the active groups.

B. Core Based Tree

A Core Based Tree (CBT) uses awoater as the core of the trslem whichthe branches
emanate, as shown in Fig. 2. The nodes orbthechesare made up obther routersvhich
form the shortest path between a nhemrhost’sdirectly attached routeand thecore router.
A router at theend of a branch is calledleafrouter in the treeThe major feature oCBT is
that onlyone multicasttree isneeded for eacgroup. The coresan be placed in a heuristic
way. For instance, the cores could Istatistically configuredthroughout thebackbone
network [Ball93]. Alternatively, any router could become @&ore when ahost in one of its
attached subnetworkvishes to initiate agroup. Two distinctive routing phases can be
identified in the CBT data delivery. Firstly, an unicast routing is usedute multicastpacket
to the core of thepecified multicastree. This is achieved by usirtipe unicast address of the
core in thedestinatiorfield of amulticastpacket.Secondly, once a multicagacket is on the
tree, it is flooded on the tree corresponding to the packet’s group identifier.

The major advantage @BT is theimprovement of scalability which halse scalefactor
of O(G). Furthermorepnly routers in the patlbetween the corand the potentiagroup
members are involved in the routing process. In comparison with the DVMRP, CBT needs not
to broadcast or floods the truncating packets across the wiedlgork. Finally, the
construction of a CBT is independent of the unicast routing.nf&er disadvantage of the
CBT tree is the concentration alf the sourcestraffic atthe core routewhich mayresult in
network congestion at the coftdence the CBT is alsaulnerable tocore failure which can
partition the tree. Anotheproblem inthe CBT is the corglacementmay not lead to the
optimal paths between group members.
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Fig. 2 Core based tree

The previous described multicast routisghemes have their advantages in different
network configurations (e.g. DVMRP in regions whemgraup iswidely represented, or CBT
in network wherebandwidth is universally plentiful). Recentlipeeringet. al developed a
Protocol Independent Multicast (PIM) that tries to constrain the routing data sontivatnal
number ofrouters in the networkan receive it. Thd’IM is unique inthe sense that it
supports both types of trees i.e. SBT and CBight be desirable teupport bothtypes of
the trees such that theelection oftree types becomes a configuration decision within a
multicast protocol [Deer93].

C. Steiner Tree

Another multicast routing approatteats the routing as a Steirtege problem [Wall82,
Jaffe83, Waxm88, Jian91, Komp93]. The problem caddb@ed formally as followingEor a
givenundirected networks = (V, E, c)and a subset of verticé$] V, find atreeT suchthat
there is a path betweeavery pair of vertices iX, and thecost of T is a minimum. Finding
such atreehas beerproved as an NP-complepgoblem [Wall82,Berr90]. Someheuristics
can be used in practice for constructing a Stetre®. One heuristic algorithm is based on
joining clusters ofsmalltrees,which containrequired destination nodes, baild up a $einer
tree. Anothekheuristic is based oimding minimumspan trees [Waxm88Both ofthem have
been shown to give near optimum results wehkpect to tree co$dian92]. Howeverthis
routing scheme isnot suitable for multicasting in a frequently changegtoup in which
members joiningand leaving wil change the topology of Steindéree frequently. Doar
concluded that futurerork should focus on thability to add and remove connections from a
multicast tree and attempt tamprove the routes in anincremental wayrather than in
constructingmonolithic solutions thatnay only be validfor an unprofitableshort duration
[Doar93].

D. Multicast Routing in ATM Network

ATM has some major advantagesstalability, statistical multiplexing, traffimtegration
and network simplicity [Kimb95]However, ATM connectioservicesare nherentlypoint-to-



point and hence lack the low level multicast ability as in the bus or ring-based LANs. Although
the existing ATM switchesareable to transmit copies of amcoming cell to differenbutlet,

there areseveral fundamental limitations in this multicaspporting mechanismirktly, only
point-to-multipoint  unidirectional VC can be established #émel sender mushave prior
knowledge of each intended receiver anglicitly establish a VQvith itself asroot node and

the receivers algaf nodes. Secondlynly the root node of agiven multicast VOmay add or
remove the VC's for the group members.

Recently,the extension of IPnulticastover ATM has received #t of attention in the
Internet community. Thelraft version forimplementing IP multicasover ATM is under
intensive discussion bNeTF. In IP multicastover ATM, two proposed routing topologies
namelymulticast mesh and multicasg¢rver have beeémplemented [Armi95]. Irthe multicast
mesh scheme, easknder is theoot of apoint-to-multipoint VC that has eventher host in
the group as &af; while inthe multicast sever schemal] senders send their packeligectly
to a server that is located somewhere in the ATM cladnich then retransmits copies to all
group members. Another solution, approach independent from IP multicast osgd by
Chuang [Chua94], tries toconstruct SBT and CBT over ATM netwokmmaruses another
approachwhich tries to develop a new type of virtual paths in ATM [Amma%@2jnely the
VP with intermediate exits, where a node that performsswiching can copy switched
packets to théocal destinations. Based ¢ime new type oVP, a SBTcan be established for
transmitting multicast packets.

A matrix topology, insped fromthe parallel processingFran85, Huan94], shows great
promising tosupport theN-way multicast communication in ATMetwork. The ATMuvirtual
channelspoth unicast and multicast, can be usedupport 2-Dmatrix virtual topologies in
following ways.
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Fig. 3a Four-way multicast connection Fig. 3b 4 x 4 matrix connection

Fig. 3a shows four processes, pl through p4, are interconngitted virtual bus by
using a four-way complete multicast connection where one VC for each process to be used for
sending andhree VCchanneldor receiving. Fig. 3b showlsow 16 processes are connected
by a matrix of virtual buses. Established multicast connections in such a grid lets each process
multicast toall other processes maximumtwo-stepmessage passing; first it sendsatiothe
processes on treamerow and therall receivingprocesses send to their respectie@mns.
In such a topologygroup membersare identical that makeshe possibility of the N-way
multicast over ATM.



The multicasiover ATM isstill in its infantstage and it is a fasvolving research area.
Currently, ATM signaling specificatioAtm93] supportsonly point-to-multipoint VC’s but
does not suppornulticast address abstraction. A keytloé multicast solutiormay lie on the
ATM signaling whichsupports the groupddressing. The merits of various multicast routing
approaches for ATM have to be evaluated before any concrete conclusion can be drawn.

V. Multicast Group Management

The groupmanagement is an important function of a multigmstocol thatmanages the
membershipstatus and meber joining or member leaving activitieShere aretwo basic
group management schemes: The distribugeoup management that allows loagauters to
managethe groupmembership inthe directly attached subnetworkdVhile in the other
extreme, the centralizegtoup management scheme usegraup agent to coordinatdl the
group management activities. The distributgcbup management can be found time early
protocolssuch as InterngsroupManagemenProtocol (IGMP) [Deer88and Proces&roup
Management Protocol (PGMP) [Ngoh92]. As the usage of computer network grows, network
security becomes an important issue. ghneup membersare distributedsparselyacross a
wider area that make¢he traditional receiverinitiated and broadcast-based multicast
membership schemes inefficiefibe trend ofmulticast membership managemesmds to be
more and more centralized as described in several reseoitks [Shri90, Deer93, Chua94,
Armi95, Whet95].This sectiorexamineghe different schemefor distributed and centralized
multicast group management.

A. Distributed Group Management Schemes

The multicast address is assigned deggcal group ID to acollection of users in the
IGMP. Senders, withoutnowing all the receivers, simply use tmaulticast address as the
destination address of the data packetsiélivery to allthe members othe group. Hosts can
join and leave a multicagroup in a transparemanner. They perforrine joining andleaving
action bynotifying the attached routersshich inturn useghis information to prune or add
branches tdahe multicasttree. The Internet GroullanagemenProtocol (IGMP) is used by
the routers to learn the membership of various groups in their directly attached subnetwork.

In the IP multicastgroup management involvekostsissuing IGMP report messages
either when theskosts perform doinLocalGroupor in response to an router’'s IGMP query.
By periodically transmittingqueries, IP multicastouters areable to identify which IP
multicastgroupshave non-zeromembership on a givesubnetwork.All IP multicast hosts
must issueloinLocalGroupfor the address during themitialization. Each host keepslit of
IP multicastgroups ithas joinedo. When arouterissues a IGMP query dhe addresssach
host begins t@end IGMPreports foreachgroup itbelongsto. IGMP reports are sent to the
group address so that other members of the same group on the same cetvowdrhear the
report. IPmulticastroutersconclude that grouphas no members ahe subnetworkvhen
IGMP query no longer triggers associated replies.

Group management irCBT is a receivernitiated scheme in whiclthe routeruses
acknowledgment for gining host toestablish gpath from the joining host to the core. In
CBT, whenever arouter receives agroup membershipreport from a host in théirectly
attached subnetwork, itilvproceed thenembershigequest bysending alOIN-REQUEST
toward the coreThis JOIN-REQUEST is then repeated to the next-haygter on thepath
toward the core of the specified group. The JOIN-REQUEST traverses until it reaches either a
core or a router that iglreadypart of the tree aglentified bythe group-ID. The JOIN-



REQUEST isnormallyacknowledged by a JOIN_ACHI the intermediateouters traversed
by the JOIN_ACK change thestate to CBT-non-core routers for the grodentified by the

group-ID. It is theJOIN-ACK'’s that actually creatinghe spantree branches. Eachouter

records its parent archild interfacewith respect to a particuldaree. The parentterface in

each CBTiree iswhere the JOIN-ACK was receiverhile the child interface ighe one over
which a JOIN-ACK has been forwarded with respect to a particular group.

The distributedgroup management schemes showgraaterflexibility in managing the
group membership. In IGMPor instance, itfacilitates the implementation of aflexible
multicast addressing scheme that all@amyg host tosend to agroup withoutknowing all the
receiversBut it makesthe securitychecking ofgroupmemberamoredifficulty to implement.
The routers of thendividual subnetwork can decide whether to grant a hgst'sng-request
for a groupeven whenthe sender doesot wish to. Furthermore, IGMP has no address
allocationmechanisnwhere addresses aassigned either by an outside authority orebgh
application. This may lead to address contention among multiple applications.

B. Centralized Multicast Group Management for ATM

The centralizednembership management schemes have been wade@gted bymany
multicast protocols,such as in théeering’'sPIM system[Deer93], where thd&kendezvous
Points(RP’s) are used for senders to announce thestence and by receivers to leatrout
new senders of group. Recently,many researchers alsawork on implementing multicast
protocols on ATM based networks [Chua%¥mi95, Whet95]. Severalypical centralized
membership management schemes for ATM network are discussed in following paragraphs.

In ATM, since the sender mushave prior knowledge of each intended receiver and
explicitly establish a VC with itself as the root node and the receivésafamdes, centralized
group management becomes more pragmatic. Armitage has desqitodédcal that supports
IP multicastover ATM [Armi95]. In his approach, a Multicast Address Resolution Server
(MARS) acts as a registry of multicagpbupmembershipThe host address resolutientities
query the MARSwhen a multicastgroup addresseeds to be resolved. It provides
asynchronous notification @roup membership changes mperating a point-to-multipoint
VC to all the hosts that requimnulticast sipport. After receivingmembership information
from MARS, the sender caestablish a point-to-multipoint VC tall the members of the
group or use thenulticast servers to distribute multicgstickets to groupmembers. The
MARS mayreside withinany ATM host that isdirectly accessible bthe hosts it iserving. It
keeps an extended table of (Multicast address; ATM.1, ATM,ATM.n) mappingsWhen
a source has packets for transmission, and there is no outgoing VC estdblishegackets,
the MARS is queried for theet of hosturrently constituting thgroup. TheMARS will
return the address ATM.1, ATM.2,, ATM.n to the source. Then, a point-to-multipoint VC
can be established Itge senderTwo messages MARS_JOIN and MARS_LEAVAE used
to manage the host joand leave actions. The MARS_JOIN carries a multigesip address
and the unicast address itdfelf. WhenMARS_JOIN is received by the MARS, it adds the
specified ATM address to the table entry for thepecified multicastgroup. The
MARS_LEAVE message is processedrbynovingthe specified ATMaddress fronthe table
for a specifiedgroup. TheMARS_JOIN and MARS_LEAVE messagese retransmitted to
all the members of the group to ensure the membership changes are distributed timely.

Another similar centralized group management scheme for ATM can be found in Chuang’s
system whichuses a hierarchical centralizgcboupmanagement architecture [Chua94]. In the
highest level, airectory systenenableghe groups to be registered. An entry in the directory



system provides a convenient meanglémtify the multicast services and to locatee second
level groupmanagement entitgamelythe Multicast Coordination Center (MCC). The MCC
is an enforcer of group policies and manages the group access control.

Centralizedgroup management hasvo important weak points that have to be solved.
Firstly, all the groupmanagement activitieare conducted by the single groo@nagement
entity which may causesignificant communication delague to theheavy burden on it.
Secondly, the singlgroup management entity is vulnerable ttee failure of the hosting site.

An obvious solution to this problem is to create several backup group management entities.

V. QoS Definition and Implementation Techniques

As we mentioned beforé¢he B-ISDNhas to supply wide variety of services in dealing
with different types of traffic. Some new applications, such as real time distribomdcl,
multimedia collaborativevork and video conferencing, requitienely delivery ofdata vhile
maintainingthe causal relationship amortige messageg&eliability and ordering are therefore
importantQoS (Quality of Service) to bsupported by thenulticastprotocols. Thanulticast
QoScan roughly beclassified intodata linklevel QoS (low level) andgrouplevel QoS (high
level). Thedata linklevel QoS concerns the parameters that should be guaranteed by the
communication channels. These parameteisde minimal value, peak value, averagalues
of throughputmaximumdelay, and etdMany solutions of linklevel QoS are for one-to-one
communicationbut there ardimited work done for themulticast communicatiofiTopo90,
Shac92, Math94]. ST-II is one of th@oneerprotocol that supports linkevel QoS for
multicast Internet environment. Mathy als@posed a link leveQoS negotiation scheme for
multicast over ATM [Math94]. Since guarantee link level QoS is a new research topic and few
results are presenteithis paper vill notinvestigate anyurther in thistopic. The grougevel
QoS defines reliabilityand ordering requirements for thmulticast communication. This
survey emphasizes on the guaranteeing the group level QoS schemes

A. Group Level Multicast QoS

This section wll first give the definitions of differentQoSrequirements and thesxamine
several important solutions in guarantee thé&3eS in the multicast communication
environment.

Best effortis similar toUDP traffic in which adata packetan be delivered O, 1, or
more times to a destination without ordering guarantees on delivery.

Reliable: A reliable QoS guarantees that packetdelneered correctly tohe intended
receivers.

Due to the varying network delay in theulticastroutes multicast messages usually arrive
at different points in time ahe receiver site [Maye92]. Withosynchronizationjndividual
receiversmay receive messagesrdered differently. Therefore, in some applications, the
multicastprotocolmust provide guarantees of theder inwhich data packets are sent to the
destinationsFor instance, consider a deposit and a withdraw transactions feathe bank
account in a computerizeaganking system, ithe withdraw is performedirst an overdraft
occurs and @enalty is charged. it the deposit first, npenalty is incurred anthe balance
of account igifferent. Similar examplegan be found in the videoconference whaleulous
reactions may occur if a destination receives information in a reversed order.



Source orderinglf message mand m are senfrom the samesource site anthey are
destined to thesame multicasgroup thenall the processes ithis group should
receive them irthe same relativerderand each message is delivered once to the
members in the group.

Causal orderinglt guarantees that each message, sent to a @owspdelivered to all
active, i.e. bothcorrectand faulty, receivers i or to none of them, and are
processed according to their causal order.

Total ordering If two messages pand m aredelivered tothe same multicasgjroup,
thenall the addressed processeseive them inthe sameordereven if they come
from different sources.

Tracing back to thearly multicast implementations suchths V system[Cher85] and IP
multicast [Deer88], they implemented onlghe “best effort”delivery of multicastpackets
without further guarantee of messagdiability and packets orderingMany multicast
applications have been implemented basetheriPmulticast thasupportonly the best effort
delivery.Forinstance, the MBONE videoconferergyestem that based on IP multicast allows
hosts to participate in the conference takphare in remote location [Erik94]. Theuality of
these applications igot satisfy both in theimage quality andhe data transmission speed.
Obviously, the throughput is one of theajor reason for degradirtge quality of MBONE.
However, the unreliable and disordered packet delivery schemes does play an important role in
degrading theQoS of multicast applications. Generally speak, wtika throughput of the
networksystem remainthe samehigherQoSlevels increas¢he latency ofthe datadelivery
[Whet94]. The ISISsystem isone of the earliegtrotocol thatprovides causal ordering and
total ordering[Birm91]. It is implemented ortop of areliable multicastprotocol which
requires separate acknowledgmdntsn each destination that liteithe performanceAlmost
at thesame timemany other multicast protocols emerged that provide variokigh level
QoS's formulticasting [Kaas8Fete89 Arms92, Birm93, Whet95]. The techniques for QoS
guarantee are discussed in following paragraphs.

To guarantee single source orderingraflticastpackets igelatively straightforward and
sometime it isdone by theunderlyingnetwork protocols. Thdasic idea is to number the
packets at the source andhave destination sites trder theincoming packets in @uffer.
This method allows the receivers to detect missing packets.

To guarantee total orderingeeds more efforiMany solutions, range from distributed to
centralized controlled, have beenoposed.One solution is to stamp each packet with an
timestamp thatecords thesending time, and then delivpackets in théimestamporder. As
illustrated in Fig. 4, if sourceS, andS, send packets to group G s,{d, e, J. Assume tha§
send toG packetP; with timestamprl;. Whenthe destinatio receives?;, it cannot forward
P, immediately tothe destination process. It must checkdltbithe potential sources if there
are other packetwith smaller timestamps. When is certain that a packdtas minimal
timestamp among all the undelivered packets does it deliver it.



c d é f
Fig.4 Two sources send to group G ={c, d, e, f}

Birmanet.al. have poposed another solution based on the netwade \wriority number
[Birm87]. Each receivermaintains a priorityqueue. The sender sends the packet to
destinations which assign th@wn priority numbers tahe packetThis priority number is a
system wide unique number higher themy given sofar for that receiver. The packet is
marked undeliverable anulit in the queueAll the receiverseturn their prioritynumber for
the packet to the sender. The sender selectsighest priority number and sends them back
to the receivers who replace theniginal number withithe new one and mark the packet as
deliverable. Each receiver reorders its queue and whenever the packet at the front of the queue
is deliverable, it is delivered. This solution needs intensive exchanging information between
sources and receivers that create high protocol overhead.

One of theearly centralized multicagtrotocol that guarantees orderiQ@Scan be found
in Navaratnam’svork which uses a single tokesite tosupport total orderingnd reliability
[Nava88]. It requires that each site send back a positive acknowledgment before the next
packet can be senthis solution idimited in scalability bythe center site and vailnerable to
failure of the center site.

Chang and Maxemchuk [Chan84Joposed a more burden-shared approacbrder to
reduce thesynchronizationcost. Hereall the sources send to a central siteich assigns
sequence number the packets and then forwarthem tothe receiversThis center site is
identified by atokenand thetokencirculates through the receivemis strategy reduces the
burden on the single site that guarantees message ordering. Similar approaches can be found in
the Reliable Multicast Protocol RMP [Whet95] and Aiello’s work [Aiel93] which are based on
a modified version of Chang’®ken ring protocol. The RMPprovides an N-way virtual
circuits, namelytokenring, betweergroups of processes connected byudticast medium. It
lets thereliability control to be shared ll the processes so that each pro¢esthe same
role in thecommunication. The RMP usélse negative acknowledgment ferror detection
and retransmmissiowhile limits the necessary buffer space by passintplken around the
members of a token ring.

In summary,QoS’s are importanservice guarantee for various applicatioN®rmally,
certainlevel QoS canonly besupported in thexpense okfficiency because extra control
messages have to be transmitted. The approaches based on the retransmission may degrade the
performance of thprotocoland givethe high burden to receivefsr dropping the redundant
packets. The centralizédkensite approach hdsnited scalabilityand is vulnerable to token
site failure. Thenultimedia applications have speci@Srequirements fodifferent types of
data stream. Foinstance, it isnot necessary to havihe fully reliable videostream for a
videoconferencewhile the reliable is obligedor text transmission irupdate the distributed
databases. Therefore, a multicpsbtocol should havethe capability for the application to
select appropriate QoS levels.



VI. Summary and Future Research Problems

Multicast communication has been received more and ratiemtion in recenyears
because it is a bassupport protocol fomanymultiparty interactivenultimedia applications.
In this paper, anumber of important multicagirotocols and theisignificant features are
surveyed. The important issues related to multiaesidentified and examined. These issues
covermulticast routing topologies, multicagtoupmanagement schemes, @dSguarantee
techniques. The following conclusions are made.

- The development of multicagtotocols starteffom supplying basic servicee. best
effort to guarantee enhanckiher quality of services to applicatioifie multicast
over ATM isstill in its infantstage Sincethe multimediadataand ATM architecture
aredifferent from traditionatlataand networkrespectively, new multicagtrotocols
that supporimultimedia communicatioover ATM network have to bdeveloped
and the process for developmerili viollow the similar development process as in
other multicast protocols.

- Many multicastouting topologies have been used in diffeerttocols andach of
them has its merits in specific situatiofihe flexibility of ATM VC's could be
explored tosupportvarious multicast routing topologies. Tlephemeral routing
solutions whichprovide optimum solution for ahortlife time are notpractical in
dynamic real world applications.

- Based on the characteristic of ATM networtentralized group management
schemes are preferred.

- Certainlevel of QoS should be guaranteed falifferent multimedia applications.
Normally, the QoS guarantee is on the expense of the efficiency.

Finally, it should benoted that there arestill some research areas in multicast
communication requiring further investigation.

- In ATM network, only point-to-multipoint unidirectional VC'’s can be established and
the VC’s donot provide reverse communication. Therefore, methods sdéading
back the acknowledgment to maintain certain level QoS have to be investigated.

- The ATM allowsthe integration of variousultimedia trafficdata. To support the
transmission of selectiv@ata toreceivers of different capabilities is a népic for
multicast communication.

- In most of the pagnulticastprotocols,N-way multicast ismot supportedPractical
solutions for N-way multicast is still an open research area.

In future, we intend t@ropose asuitable ATM multicast service thaupportsreal-time
multimedia traffic (i.e. video and audio).
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